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JAPYGIDAE OF NORTH AMERICA, 6. 
NEW SPECIES OF EVALLJAPYX WITH 26 
ANTENNAL SEGMENTS 


M. SMITH 
University of California, Davis 


The species described in this paper may be distinguished from other 
members of the genus Evalljapyx by the 26-segmented antenna. They also 
possess the following characters in common: pleurite! with a single M, 
pleuron with 2 M on abdominal segments II-VI, anteromedian pair of M 
on tergum X absent, right arm of forceps with a basal sinus, extreme sexual 
dimorphism in the forceps, and posterolateral angles of tergite VII of the 
male projected to the rear and heavily sclerotized, pleura VII not posteriorly 
enlarged as knobs. 


Evalljapyx leechi n. sp. ‘ 


Femate. Head with about 15+15 M minutely plumose, one pair of 
large M between bases of antennae, frons sclerotized with irregular blotches; 
antennae with 26 segments, segments 7 to 10 with two irregular whorls of 
setae, consisting of long, straight, simple setae alternating with shorter, 
curved setae, distal segments with more than two whorls of setae, terminal 
segment with a cross line suggesting segmentation, and three placoid sensil- 
lae, trichobothria typical, subequal to longest seta on same segment, antennal 
segments 1, 2 and 3 with one or more plumose setae, all other antennal 
segments without plumose setae, width of sixth antennal segment 0.14 mm., 
length of longest seta on sixth segment 0.13 mm.; labrum emarginate with 
5 short stout sensory cones at tip, and 3+3 M and 2+2 large simple setae 
and 4+4 m; maxillary palpus with 13 m of various sizes, external edge of 
galea with one small simple seta, thumb of galea sclerotized, retractile, with 
> sensory cones at tip, distal lamina of lacinia pectinate throughout its distal 
half with about 10 teeth; mandible typical; labium with typical protrusible 
sacs, and about 25+25 short stout simple setae at tip, slightly plumose in 
some specimens, labial palpus slightly clavate or straightsided, with 4 long 
and one short simple seta near the tip, length of palpus 0.072 mm., maxi- 
mum width 0.028 mm. 

Thorax: Pronotum 6+6 M with about 8 pinnulae per row, and about 
9+9 m; meso- and metanotal prescutum 1+2 M and 1+2 m, scuta 10+10 
M and about 14+14 m; Le length 2.3 times greatest width of pronotum, 
dorsal apex of femur of each leg with close row of three plumose setae and 


* Abbreviations and terms: M=macroseta, plumose, m=submacroseta, simple un- 
less stated otherwise, apotome=anterior sclerite of abdominal sternum, sternite=posterior 
sclerite of abdominal sternum, prepleurite=anterior sclerite- of pleuron, pleurite=pos- 
terior sclerite of pleuron, Li=prothoracic leg. 
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one (posterior) simple seta, anterior plumose seta longest, posterior plumose 
seta shortest, simple seta nearly equal in length to middle plumose seta, 
tarsal claws subequal, ventral setae per row on tarsus 6. 

Abdomen: Tergite I prescutum 1+2 M and 1+2 m, scutum 54+2+5 M 
and about 12+12 m, sternite I 18+18 M and a single row of 6+6 M just 
anterior to the lateral subcoxal organs and within the limits of the styli, 
lateral subcoxal organs almost meeting at mid-line, with a single row of 
19+ 20 sensory setae each one-half as long as stylus I and 5 rows of glandu- 
lar setae, one-third as long as the sensory setae, styli with 2 setae and one 
pore and a small accessory cone becoming more distinct posteriorly; tergite 
II 13+13 M and scattered m, apotome II 9+9 M, sternite II 25+25 M; 
tergites [II-VI 13+13 M and scattered m, apotomes III-VI 6+6 M, sternites 
III-VI 21+21 M; tergite VII 11+11 M and numerous hyaline pores, apo- 
tome VII 6+6 M, sternite VII 18+18 M; tergite VIII 3+3 M and numerous 
pores, sternite VIII 11+11 M, genital orifice oval, surrounded by about 70 
similar, simple setae; tergite IX 2+2 M, sternite IX 4+4 M; tergite X be- 
tween carinae 3+3 M, sternite X 8+8 M; pleuron I 1 M and one longer 
simple seta, prepleurite II 1 M and 2 short m, pleurite II 2 M and 6 m of 
which one posterior one-half as long as posterior M, pleura III to VI similar 
to II, prepleurite VII no setae, pleurite VII 2 M and one large m; postero- 
lateral angles of tergites I-VII rounded; tergite X almost as wide as long, 
carinae distinct, irregular, acropygidium flat, inconspicuous, forceps setation 
typical including two long, basal plumose setae, left arm of forceps bidentate 
with about 9 denticles in each row, right arm of forceps with one small 
postmedian tooth, predental tubercles 3/6, postdental tubercles 5 mono- 
serial. 

Length of body including forceps 11.0 mm. 

Mate. Similar to female'but setose sac in abdominal segment III with 
tip of sac extending into posterior one-fourth of segment II, sac slender 
with setae throughout, lateral subcoxal organs with one row of 20+20 
sensory setae and 10 staggered rows of glandular setae, tergites III and IV 
with 12+12 M, tergites V and VI with 13+13 M, tergite VII 18+18 M, 
sclerotized with posterolateral angles projected to rear as broad lobes, 
pleuron VII elongate, sclerotized along lateral margin and slightly pro- 
jected to rear, length stylus I/stylus VII=0.71, forceps long and slender, 
right arm with basal and distal sinuses, prominent tooth anterior to distal 
sinus and 7 denticles in the sinus, left arm with denticles biserial 8/15. 
Length of body including forceps 9-10 mm. 

Type: Holotype 2 and paratype é in California Academy of Sciences, 
paratypes in U. S. National Museum, California Insect Survey, Berkeley, 
and University of California, Davis. 

Habitat: 29 and 5 4, Lemon Cove, Tulare County, California, March 
5, 1957 (H. B. Leech), found under stones on a grassy hillside. 


Evalljapyx decorus n. sp. 


Femate. Similar to E. leechi except: head without islands of sclerotiza- 
tion, one plumose seta on fourth antennal segment, labial palpus with 4 long 
and 2 short setae, length of palpus 0.068 mm., width 0.032 mm.; pronotal 
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Fig. 1, dorsal view of mesonotum of ¢ Evalljapyx decorus L. Smith showing M and 
m on prescutum but with m omitted on the scutum. Fig. 2, same for E. leechi L. Smith. 
Fig. 3, same for E. mckenziei L. Smith. Fig. 4, dorsal view of right half of abdominal 
tergite VII of E. mckenziei 3. Fig. 5, dorsal view of right pleuron of E. leechi 6. Fig. 6, 
dorsal view of right half of abdominal tergite VII of E. leechi 6. Fig. 7, same for E. 
decorus . For figs. 1, 2, 3, 5, 6, and 7 e=0.50 mm, for fig. 4 e=0.41 mm. 


: 
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setae with very small pinnulae, about 25 per row, mesonotal prescutum 
1+1 M, meso- and metanotal scutum 10+10 M; abdominal tergite I 
prescutum 1+1 M, scutum 5+5 M, lateral subcoxal organs with a single 
row of 25425 sensory setae and ten rows of glandular setae, tergite II 
11+11 M, tergites II-VI 11+11 M, apotomes III-VI 7+7 M, tergite VII 
9+9 M, with islands of heavy sclerotization in the discal area, apotome VII 
5+5 M, sternite VII 18+ 18 M, sternite VIII 8+8 M, tergite IX 2+2 M. 

Mate. Similar to male of E. leechi except setose sac in abdominal seg- 
ment III not extending into segment II, lateral subcoxal organs with a single 
row of 30+31 sensory setae, and 12 staggered rows of glandular setae, one- 
fifth as long as sensory setae, tergite VII with 8+8 M, tergites III and IV 
with 11+11 M, tergites V and VI with 12+12 M; forceps broader, as 
illustrated. 

Type: Holotype @ and paratype 6 in California Academy of Sciences, 
one paratype 2 University of California, Davis. 

Habitat: 2 and 1g, Stevens Creek, Santa Clara County, California, 
June 2, 1957, in damp humus (R. O. Schuster). 


Evalljapyx mckenziei n. sp. 


Femate. Similar to E. leechi except frons not sclerotized, terminal seg- 
ment of antenna without cross line suggesting segmentation, one plumose 
seta on fourth segment, width of sixth antennal segment 0.084 mm., length 
of longest seta on sixth segment 0.056 mm.; distal lamina of lacinia pectinate 
in its distal third with about 5 teeth; tip of labium with about 20+20 
short stout simple setae, labial palpus straight sided with 4 long setae near 
the tip and no short setae, length of palpus 0.044 mm., width 0.020 mm.; 
pronotum 6+6 M with about 10 to 15 pinnulae per seta and 6+6 m, meso- 
and metanotal prescutum 1+1 M and 1+2 m, scuta 8+8 M and about 
8+8 m, Le length 2.1 times the greatest width of the pronotum; dorsal apex 
of each femur, with a close row of two plumose setae and one simple seta 
shorter than the plumose setae, ventral setae per row on tarsus: L; 4, Le 4, 
L3 5. Abdomen with tergite I prescutum 1+1 M, scutum 5+5 M, sternite I 
12+12 M and a single row of 5+6 smaller plumose setae just anterior to the 
subcoxal organs and within the limits of the styli, lateral subcoxal organs 
with a single row of 11+11 sensory setae each two-thirds as long as stylus I, 
and 5 rows of glandular setae, accessory cone on styli not discernible; ter- 
gites II-VII 8+8 M, tergite VII rounded as in VI, not sclerotized, sterna II- 
VII apotomes 4+4 M, sternites 15+15 M; sternite VIII 7+1+7 M; tergite 
IX 1+1 M, sternite IX 4+4 M; tergite X between carinae 3+3 M, sternite 
X 8+8 M; abdominal pleura II-VII prepleurite I M and 1 large simple seta, 
pleurite 2 M and one large posterior simple seta, segment X ratio of length 
to width 1.32, carinae distinct, smooth, left arm of forceps with basal tooth, 
predental tubercles 2, postdental tubercles 4 grading into crenulations, right 
arm of forceps with faint basal sinus, biserially dentate with one denticle 
over three, inner margin of arm straight, crenulate, small distal sinus con- 
taining 3 or 4 crenulations, length of body including forceps 7.0 mm. 


Mate. Similar to female except setose sac in III extending to posterior 
margin of segment II, no setae in sac except a single row of 15 bilaterally 
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Fig. 8, dorsal view of forceps of Evalljapyx mckenziei Q setae omitted. Fig. 9, same 
for E. mckenziei 8. Fig. 10, E. leechi 9. Fig. 11, E. leechi $. Fig. 12, E. decorus Q. 
Male and female forceps for each species at the magnification indicated between them. 
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plumose setae close together at the mouth of the sac, tip of labium with an 
irregular row of 12+12 short plumose setae and posterior to this row 8+8 
scattered large simple setae, meso- and metanota 7+1+7 M, sternite I 
11+11 M and a row of 8+9 smaller plumose setae just anterior to subcoxal 
organs and within the limits of the styli, lateral subcoxal organs with a 
single row of 14+15 sensory setae, tergites II-VI 9+9 M, tergite VII 8+8 
M, tergite VII heavily sclerotized along posterolateral margins, postero- 
lateral angles projected to rear as rugose, sclerotized knobs, pleuron VII 
sclerotized posteriorly but not projected to rear, sterna II-IV apotome 5+5 
M, sterna V-VII apotome 4+4 M, sternites II-VII 15415 M, left arm of 
forceps smoothly arcuate without teeth or sinuses, right arm of forceps with 
basal sinus containing 3 crenulations, distinct distal sinus without crenula- 
tions. Length of body including forceps 7.0 mm. 

Type: Holotype @ and paratype é in California Academy of Sciences. 

Habitat: One 8 and one 2, 5 miles south of Gorman, Los Angeles 
County, California, March 25, 1959, from soil under chapparal (H. L. Mc- 
Kenzie). 

E. mckenziei is unique among known species of Evalljapyx in having 
the posterolateral angles of tergite VII projected to the rear as rugose knobs 
in the male. Very similar knobs are found in E. facetus L. Smith but in this 
case they are enlargements arising from pleuron VII. Hence, caution is 
necessary to avoid confusion of species showing rugose knobs on segment 
VII. The species E. leechi and E. decorus can be distinguished from other 
species of the genus in California by the very broad lobes formed by the 
posterior projection of the posterolateral angles of tergite VII in the male, 
and by 26 segments in the antenna. 

Japygids frequently give rise to monsters, termed “anomalies” by Sil- 
vestri. One of the most frequent anomalies which occurs in the Evalljapygi- 
nae is a shortening and broadening of segment X and of the forceps. The 
females of E. leechi and E. decorus all are suggestive of anomalies, but as 
no other females have been found these females are herein treated as 
normal. 

Key for Separation of Species Described in this Paper 
1. Sternite I with 18+18 M, apotomes III-VI with 6 or 7+6 or 7 M, 
sternites III-VI with 21+21 M, tergite IX with 2+2 M, postero- 
a angles of tergite VII of male projected to rear as broad 
obes : 

Sternite I with 12412 M, apotomes III-VI with 4+4 M, sternites 

III-VI with 15+15 M, tergite IX with 1+1 M, posterolateral 
angles of tergite VII of male projected to rear as a knob .............-.. 
| E. mckenziei n. sp. 
2. Tergites II-VI with 13+13 M, tergite VII 11+11, sternum VIII with 
11411 M .... E. leechi n. sp. 

Tergites II-VI with 11+11 M, tergite VII 9+9 M, sternum VIII 

with 8+8 M E. decorus n. sp. 
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THE MALE OF METROCORIS SQUAMIFER 
LUNDBLAD' (Heteroptera: Gerridae) 


Hersert B. HunceERForRD AND Ryuicut MatsuDa 


This species was described from a single apterous female from South 
Sumatra (Archiv fiir Hydrobiologie, 1933 Suppl. Bd. XII, S. 398). We 
have in the University of Kansas Snow Entomological collection four 
apterous specimens (2 6 6,29 @ ) bearing the label “Brook between Soliga 
[and] Lolewan, Sumatra, 9, 9, 1931 v. d. Meer-Mohr.” We sent a female 
specimen to Dr. Lundblad for comparison with his type. He returned it 
with the label “Metrocoris squamifer, compared with type.” 

We are therefore able to describe the male of this species. 

Size: Length 5.46 mm.; width across head 1.47 mm.; greatest width 
across thorax 2.52 mm. 

Color: Yellow with black figures as shown on Plate 1. Mesopleuron with 


Plate I. Metrocoris squamifer Lundblad. A. Male. B. Female. 


‘ 


1 Contribution No. 1054 from the Department of Entomology, University of Kansas. 
This report is a by-product of a project conducted with the aid of a grant from the 
National Science Foundation. 
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a longitudinal black band not reaching mesoacetabula, but in line with a 
black streak on end of mesoacetabula. A black streak at anterior end of 
acetabular cleft, otherwise venter pale yellow with last segment of beak 
black. Antennae, middle and hind legs brown. Front femur yellow, with 
three rather broad longitudinal stripes of dark brown color; tibia largely 
brown. 

Structural characteristics: Relative lengths of antennal segments of male: 
Ist : 2nd : 3rd : 4th :: 118 : 48 : 50 : 30. Eyes overlapping a little more 
than half propleura. Head longer than pronotum (30:25). Mesonotum 
115 spaces.? Metanotum declivous. Genital segments as long as last four 
abdominal segments. Parameres conspicuous (Pl. II, B). Omphalium on a 


Taste |. The relative lengths of leg segments of a male. 


Ist tarsal 2nd tarsal Total 


Femur Tibia tarsal length 
Front leg 130 108 6 34 40 
Middle leg 340 225 96 14 110 
Hind leg 295 182 10 15 25 


Plate II. Metrocoris squamifer Lundblad. A. Male front leg: B. Male genital segments. 
C. Apical abdominal segments of female (ventral view). 


* 20 spaces equal to 0.42 mm. Therefore the antenna is 4.13 mm. long. 


Vo. 33, No. 1, January, 1960 9 


small triangular metasternum. Front femur thick and conspicuous (PI. II, 
A). Tarsal claws plainly preapical in all tarsi. 

Comparative notes: Dr. Lundblad was safe in describing the female as 
a new species because no other species has such a pointed terminal ab- 
dominal ventrite. The shape of the parameres is distinctive in the male of 
this species. 

Location of types: The holotype female is in the Royal Natural History 
Museum at Stockholm, Sweden. The female of our series compared with 
the holotype by Dr. Lundblad is labelled “Metatype,” and the male marked 
“plesio-type” is in the Snow Entomological Museum collection at the Uni- 
versity of Kansas. A somewhat teneral and imperfect male will be in the 
Museum at Stockholm, and can be considered a plesioparatype. 


A NEW GENUS AND THREE NEW SPECIES OF 
~  ERIOPHYID MITES (Acarina)' 


Jan BoczexK? 


This paper contains the descriptions of one new genus and three new 
species of eriophyid mites collected by the author in northern and central 
Florida. The style and content of the descriptions closely follow those used 
by H. H. Keifer. 


Latinotus, new genus 

Body fusiform. Rostrum small, downcurved. Shield moderately broad 
with short, broad and blunt projection over rostrum base; dorsal tubercles 
on rear shield margin, pointing up, and projecting the dorsal setae anteriorly 
and laterally. Dorsal tubercles widely separated, arising near lateral margin 
of shield. Legs with all usual setae. Abdomen with very broad tergites and 
numerous, narrower sternites. Dorsum with median, longitudinal ridge. 
Female genital coverflap longitudinally scored. 

The genus name is a contraction of “laterally” pointed dorsal setae and 
“Tegonotus.” 

Genotype: Latinotus wegoreki, new species. 


Latinotus wegoreki, new species 
Prate 
Female 170-190 » long, 70 » wide, 55 » thick; spindleform, slightly 
flattened on ventral side, with central dorsal ridge; yellowish. Rostrum 17 » 
long, projecting down. Chelicerae almost straight, 12 » long. Shield 48 p 
long, 54 » wide; anterior lobe blunt, broad. Shield with two short adcentral 
longitudinal lines, the surface of it covered by very minute irregular puncta- 


1Contribution No. 1071 from the Department of Entomology, The University of 


sas. 
?Institute of Plant Protection, Pulawy, Poland. Rockefeller Foundation fellow to 


The University of Kansas, Lawrence. 
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tion. Dorsal tubercles small, on rear shield margin, 40 » apart. Dorsal setae 
4 p long. Foreleg 32 p long; tibia 6 » long, with seta 2 p long; tarsus 5 
p long; claw 6 » long, knobbed; featherclaw 5-rayed. Hindleg 27 p long, tibia 
5.5 p» long; tarsus 5 » long; claw 5 » long. Abdomen with about 19 tergites 


Plate I. Latinotus wegoreki, new species. 


Explanation of Plate Symbols 

AP=Anterior genital apodemes of female. D=Dorsal view of mite. ES=Side skin 
structure. F=Featherclaw. GF=Female genitalia, ventral view. GM=Male genitalia. 
S=Side view of adult mite. SA=Side view of anterior section of mite. 
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and 51-55 sternites. The sternites microtuberculate; microtubercles on lateral 
side rounded, taller. Tergites much broader than sternites; dorsal median 
ridge narrow, low, less distinct in the anterior part of abdomen. Lateral 
abdominal seta 5 y long, on sternite 11; first ventral 16 » long, on sternite 22; 
second ventral 7 p long, on sternite 36; third ventral seta 15 p long, on 
sternite 4 from rear. Accessory seta 4 » long. Female genitalia located be- 
tween 6th and 7th sternites, 14 » long, 21 » broad; coverflap with about 16 
furrows; genital seta 9 » long. 

Male about 125 y» long, 47 » wide. Male genitalia 10 » long, 6 » broad; 
seta 6 long. 

Type locality: Aripeka, Florida. Collected: March 26, 1959. Host: Iva 
fratescens L. (Compositae), Marsh-Elder. Relation to host: the mites are 
vagrants on the under sides of the leaves, particularly between the leaf 
hairs. No damage to the host plant was observable. Type material: holotype 
female, allotype male and three female paratypes bearing the above data. 

The name is in honor of Dr. W. Wegorek of the Institute of Plant Pro- 
tection, Poznan, Poland. 


Catarhinus axonopi, new species 
Prate II 

Female 228 p» long, 75 » wide, 68 p thick, yellowish, fusiform. Rostrum 
41 » long, curved down. Chelicerae about 48 » long, abruptly curved 
down, recurved portion of oral stylet about 38 » long. Shield 68 y long, 
96 » wide, with broad projection over rostrum, this projection anteriorly 
rounded, 12 » long. Only 2 short oblique lines on shield. Dorsal tubercles 
23 » apart, 10 w ahead of rear shield margin. Dorsal setae 4 » long, directed 
medially. Foreleg 44 « long; tibia 9.5 » long, without seta; tarsus 7 » long; 
claw 7 » long, knobbed; featherclaw 6-rayed. Hind leg 33 yu long; tibia 8 p 
long; tarsus 7 w long; claw 7 » long. Abdomen with 27 tergites and about 
78 sternites, subcircular in cross section. Tergites with shallow sublateral 
longitudinal furrow on each side. Sternites microtuberculate; microtubercles 
elongate. Lateral seta about 9 » long, on sternite 17; first ventral 65 » long, 
on sternite 31; second ventral seta 7 pw long, on sternite 52; third ventral 
seta 19 » long on sternite 6 from rear. Accessory seta absent. Female genitalia 
28 » long, situated between 11th and 12th sternites. Coverflap with faint 
basal lines; seta 10 p long. 

Male 175 p long, 66 p wide. 

Type locality: Hillsborough River State Park, Florida. Collected: March 
24, 1959. Host: Axonopus affinis Ch. (Grammineae). Relation to host: the 
mites are vagrants on the leaf blades. Type material: holotype female, 
allotype male and three female paratypes as well as the dry leaves with 
mites are designated as above. From the genotype, C.tricholaenae K. (Keifer, 
1959), the new species differs in broader tergites, the distinctive appearance 
of female genitalia and genital apodemes and in the host plant association. 


Tegonotus guavae, new species 
Prate III 
Female 140-155 » long, 50 » thick, 57 » wide, white, fusiform. Rostrum 
slightly curved down. Chelicerae thin, curved, 12 » long. Shield 42 p long, 
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44 » wide; median line split near center of shield into two lines which do 
not reach anterior margin. Whole surface of shield covered by small, 
irregular granulations. Anterior shield lobe broad, rounded, about 9 p long. 
Shield tubercles distinct, 30 » apart, on rear shield margin. Dorsal setae 
13 p long. Tubercles and setae projecting directly caudad over abdomen. 
Foreleg 32 p» long; tibia 7 » long, with seta 5.5 uw long; tarsus 5.5 » long; 
claw 6 p» long, knobbed. Featherclaw 4-rayed. Hindleg 28.5 » long; tibia 
6.5 p long; tarsus 6 » long, claw 6 » long. Abdomen with about 30 tergites; 


us 


Plate II. Catarhinus axonopt, new species. 


| 


Vo . 33, No. 1, January, 1960 13 


. do sternites about 62 in number, set with rounded microtubercles, caudal micro- 
ral, tubercles elongate. Lateral seta 17 » long, on sternite 11; first ventral 42 p 
ng. long, on sternite 25; second ventral seta 11 y» long, on about sternite 41; 
etae third ventral 21 » long, on sternite 6 from rear. Accessory seta absent. Fe- 
1en. male genitalia situated between 6th and 7th sternites; coverflap with 14-16 
ng; longitudinal furrows, 14 » long, 20 » wide. Genital seta 10 » long. 
ibia 
tes; 


Plate III. Tegonotus guavae, new species. 
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Male 126 » long, 55 » wide; genitalia 14 » wide. 

Type locality: Staley Nursery, near Lakeland, Florida. Collected: March 
23, 1959. Host: Psidium sp. (Myrtaceae), Guava. Relation to host: the mites 
are free living on the under sides of the leaves. Type material: holotype 
female, allotype male, and five female paratypes bear the above data. From 
the genotype, Tfastigatus Nal., (Nalepa, 1890), the new species differs in: 
a number of ways: it has a different shield pattern, a broader anterior lobe 
over the rostrum and its host plant is in a different family. It differs as well 
from all known species of Tegonotus: myersi (K.), califraxini (K.), rhamni- 
cola (K.), zizyphagus (K.), negundella K., hibiscella K., collaris Nal., and 
dentatus Nal. 

Types and paratypes are located in the Snow Entomological Museum, 
The University of Kansas, Lawrence. 

The author wishes to acknowledge his appreciation to R. E. Beer, The 
University of Kansas, for enabling survey work on the eriophyid and other 
mites of Florida, and to H. H. Keifer, State Department of Agriculture, 
Sacramento, California, for his help in confirming the status of the above 
eriophyids. 

LITERATURE CITED 
Keifer, H. H. 1959. Eriophyid studies XXVII—Bureau Ent., California Dept. Agr. Occas. 
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COMBINED EFFECTS OF BUFFER FLOW AND 
ELECTROPHORETIC MIGRATION ON INSECT 
SERUM PROTEIN PATTERNS 


Ricwarp A. Hart anp R. Enns! 
Department of Entomology, University of Missouri 


The pros and cons of the Durrum, or ridge pole, electrophoresis cell 
have been fairly well discussed (Durrum, 1950; McDonald, 1955; CIBA, 
1956; Block, Durrum, Zweig, 1958). Since the introduction of a commercial 
model of the apparatus (Williams, Pickels, and Durrum, 1955), the tech- 
nique has been used successfully in routine laboratory work on blood 
proteins and in research explorations. The equipment is so constructed as 
to allow placing the sample at the vertex of the strip with ease. As a result, 
applying the sample at the vertex has become part of a standard procedure. 

In the work reported herein the sample starting point was varied from 
zero to five inches from the vertex toward the cathode. This resulted in 
the appearance of additional fractions which did not migrate when started 
at zero, or migrated poorly toward the cathode. They also were more subject 
to the effect of buffer flow than were the fractions which migrated from the 
vertex. The pH and voltage distribution on the strips were investigated in 
an effort to explain this effect. . 


1 Contribution from Missouri Agricultural Experiment Station, Journal Series No. 
2025. Approved by Director. 
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Quantitative measurements were made to give added understanding to 
Durrum’s “Complicated equilibrium . . . which includes a number of 
simultaneously occurring processes which include at least the following: 
(a) migration of ions due to the electrical field; (b) diffusion; (c) electro- 
endosmotic flow; (d) evaporation of water from the paper strip due to 
heating of the strip incidental to the current flow; (e) hydrodynamic 
equilibrium on the paper strip between capillary forces and gravitational 
forces; (f) electrical resistance changes along the length of the paper strip 
principally due to concentration effects secondary to factors d and e.” (Dur- 
rum, 1950). 


APPARATUS 

A plastic ridge pole electrophoresis tank? was used measuring inside 
17%” long, 4%4” wide, and 8%” high with the bottom divided into five 
equal compartments running the length of the bottom and each holding 200 
ml. of buffer. Platinum electrodes which dipped into opposite ends of the 
two outer compartments were connected to the inner compartments with 
nine cotton wicks, each one-eighth inch in diameter, hanging over the 
dividing wall at two-inch intervals. The center compartment was not filled. 
Filter paper strips, each fourteen inches long and one inch wide, were 
suspended from a nylon cord at their centers allowing one-half inch at each 
end to dip into the buffer of the inner compartment and one-half inch to be 
in contact with the compartment wall making an inverted V, 2% inches 
wide at the bottom. The tank held eight strips and was closed at the top 
with a flat glass plate. 

A constant voltage or constant current power supply® having a range 
of 50-300 volts constant or 3-40 ma. constant was used. 

For voltage and pH measurements, an EICO Model 565 multimeter 
and a Beckman, Model G, pH meter with standard electrodes were used. 


MATERIALS AND PRocEDURE: 


The buffers used were Spinco* B-1, Barbital, pH 8.60, ionic strength 
0.05-0.025, and Harleco® Special, Barbital-Acetate Mixture, pH 8.60, ionic 
strength 0.10-0.025. Whatman #1, 3MM, #4, and #54, filter paper in 
rolls one inch wide were used with #54 proving the best for the technique. 

After the buffer compartments were filled, the eight paper strips were 
hung over the nylon cord with their moistened ends adhering to the sides 
of the inner buffer compartments. They were immediately saturated by — 
allowing buffer to run from a pipette onto the centers of the strips. All the 
strips had previously been marked lightly with a lead pencil at the center, 
as no fold was made over the cord, and at the point where the sample 
would be placed. The No. 4 strip was marked at each inch for its entire 


*No. 2501 paper electrophoresis tank from Shandon Scientific Company Ltd., 6 
Cromwell Place, London, S.W. 7. 

*No. 5610 power unit from Shandon Scientific Company Ltd., 6 Cromwell Place, 
London, S. W. 7. 

* Specialized Instruments Corporation, Belmont, California. 

5 Hartman-Leddon Co., Philadelphia, Pennsylvania. 
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length. It was used for all voltage and pH measurements. The cell was 
closed and allowed to equilibrate for at least 15 minutes. 

Samples of one microliter of insect serum were spotted on the papers 
from capillary tubes. The serum was either freshly drawn or from the 
freezer at —18° C. (Brezner, 1959). After the lid was replaced, the power 
supply was switched on to constant current. 

Voltage measurements across the strip were made by raising the lid 
and holding one probe of the multimeter at the negative end of the strip 
one-half inch below the buffer surface at the end of the strip. The other 
probe was touched successively to the marks at each inch. All readings 
were rounded to the nearest volt. 

At the end of the trial time, the No. 4 strip was removed from the tank 
and cut into one inch lengths which were dropped into individual beakers 
containing three ml. of water for measuring the pH. The power was then 
turned off, the other strips cut back one inch on each end, and dried in a 
horizontal rack at 110-120° C. for thirty minutes. Spinco B-1 (bromphenol 
blue) was used for staining (Block, Durrum, and Zweig, 1955). 


REsULTs 


Figure 1 shows diagrammatically two typical patterns of the 809 patterns 
developed to date from the sera of fifty species of insects. The strips are in 
register at the vertex as they would be in the electrophoresis cell. The first, 
a tiger beetle, Megacephala virginica L., has two fractions produced from 
starting points of three, two, and zero inches from the vertex which separate 
a constant distance apart from one another even though the total length of 
migration varies. The total distance of migration increases as the starting 
point is moved away from the vertex. The second, a ground beetle, Harpalus 
caliginosus (Fab.), has four fractions, two which remain constant with 
respect to one another followed by two which are affected by the position of 
sample application. 

By placing the patterns in register at the second fraction (Figure 2), the 
two types of migration are easily seen. The two constant fractions fall 
directly below one another but the two lagging fractions favor the starting 
Positions. 

In an attempt to account for the fixed relative position of the first two 
fractions with varying migration distances, the voltage build up on the 
strips was followed. In Figure 3, the change in voltage drop per inch on the 
paper strips is plotted for a 13 hour trial. At the start of the trial the voltage 
drop was about nineteen volts per inch of the usable strip. The power 
supply meter read 300 volts. There was a loss of 58 volts across the electrodes 
and intercompartmental wicks. This loss between the power supply and the 
filter paper is not important in comparing volts per inch of strip between 
trials in different laboratories if all use the same equipment as the loss will 
be the same. But, for comparing results from different makes of equipment, 
the voltage from buffer surface to buffer surface must be stated as the loss 
will be different also. As time passes the voltage drop increases at the anodic 
end and decreases at the cathodic end. After 13 hours the range is from 
seven to thirty-five volts per inch. 


Vo . 33, No. 1, January, 1960 17 


-6 OMM. MIGRATION “77 98 
| 
0 aa 
MEGACEPHALA 
VIRGINICA (L) 

-4 -3 -2 VERTEX ' 2 3 


“Le; 


CALIGINOSUS (FAB) 72 64 


-4~0 7 6273 
-§ -4 =-3 -2 VERTEX 
Fig. 1.:Migration patterns of fractions in register at the vertex. 
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Fig. 2. Migration patterns of fractions in register at the second fraction. 


The relation of the voltage drop and the pH of the same strip is shown 
in Figure 4 for two different trials of 13 hours. High voltage drop and low 
pH at the anodic end are related as are low voltage drop and high pH on 
the cathodic end. Figure 4 also shows that good reproducibility of experi- 
mental conditions can be obtained. 


Discussion 
The dynamic state that exists in the cell where evaporation is not pre- 
vented is summarized in Figure 5. When the cell is first prepared evapora- 
tion from the strips takes place equally on both sides (b). At room tempera- 
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ture moisture will condense on the sides of the cell in a uniform pattern. 
Once the current is turned on, no equilibrium exists. A circuit is completed 
from the power supply through the cathode electrode, outer buffer compart- 
ment, intercompartmental wicks, inner buffer compartment, filter paper 
strips, inter buffer compartment, intercompartmental wicks, outer buffer 
compartment, anode electrode and back to the power supply (a). At the 
anode, oxygen is liberated as a gas with the production of hydrogen ions 
and a lower pH. These ions combine with enol barbital which forms an 
uncharged, non current carrying, keto barbital. If the concentration of keto - 


ENOL KETO 


barbital increases enough it will precipitate out. With the buffers of 0.05 
ionic strength, Spinco, this happened regularly on the positive electrode. 
These electrode reactions are isolated from the ends of the paper strips by 
the wicks. The inner buffer compartments are little affected by them. 

On the strips the null in buffer flow due to evaporation is shifted toward 
the cathode due to endosmosis (b). The resistance of the strip is nearly 
constant as determined by voltage measurements at the start of a trial (f). 
After a few minutes the voltage pattern begins to shift, decreasing at the 
cathodic end and increasing at the anodic end. This is caused by concentra- 
tion of buffer at the cathodic end due to evaporation of water with a result- 
ing decrease in resistance. On the anodic end of the strip keto barbital may 
precipitate out (e) due to the migration of hydrogen (hydronium) ions 
onto the strip (d) and the concentrating of the buffer due to evaporation. 
The reduction of ions in solution is detected by an increase in voltage across 
this end of the strip (f). After 12 hours the voltage drop per inch on 
Whatman #1 with 0.05 ionic strength barbital buffer can vary from 8 to 21 
volts at 7 ma. and with 0.025 ionic strength from 10 to 37 volts at 5.5 ma. 

The pH of the strip which is uniform at the start also develops a varying 
gradient (g). It so happens that this gradient develops in such a manner as 
to accelerate negatively charged molecules at the cathodic end and slow 
them at the anodic end. This action is in direct opposition to the effect of 
the voltage gradient. As the migration with respect to time is about linear 
for highly charged fractions, the two effects must nearly neutralize one 
another if the trial time is not too long (4 to 6 hours). 

The interaction between the voltage, pH, and buffer flow gradients with 
the charged and uncharged moieties of simple and conjugated proteins 
produces the two types of migration. Fractions which are highly charged 
negatively at the pH of the buffer are able to migrate anodically from the 
vertex. Those which have a lower charge-to-mass ratio due to carbohydrate 
or lipid moieties or by being close to their isoelectric points at the buffer pH 
cannot move because of the opposite actions of the buffer flow and the elec- 
trical field at the vertex. By starting the sample close to the cathode, the 
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highly charged fractions are again motivated by the electrical field but 
now the buffer flow is aiding so the total migration is farther but the relative 
separation is the same. The fractions with a lower charge-to-mass ratio are 
now separated mainly by buffer flow with some aid by the electrical field and 


‘appear following the highly charged fractions. Their position relative to 


the highly charge fractions is therefore related to the starting position as 
the buffer flow varies at different distances from the vertex. 


ConcLusIoN AND SUMMARY 
The voltage, pH, and buffer flow on the filter paper strips used in 
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Fig. 3. Development of voltage gradient. Circle=start; circle with horizontal line= 
5 hours; circle with vertical line=9 hours; circle with cross=13 hours. Spinco B-l, 
#=0.025, Whatman #1. 
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electrophoresis are related in a cyclic manner: On the anodic end the pH 
decreases, barbital precipitates reducing conducting ions, resistance in- 
creases; voltage increases at the anodic end and decreases at the cathodic 
end. On the anodic end heating increases, evaporation increases, buffer 
flow increases, pH decreases more, etc. This action takes place from the time 
current begins to flow until the end of the trial. 

Protein fractions may be characterized in two groups by taking advan- 
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Fig. 4. Constant voltage (circle with horizontal line=volts, circle with cross=pH) 
compared with constant current (circle with vertical line=volts, circle—=pH). Spinco 
B-1, u=0.025, Whatman #1. 
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H tage of the two-directional flow of the buffer solution. — 
in- Although the pH of the inner buffer compartment changes little or 
lic none, pH changes can occur on the strips in the presence of barbital buffers 
fer resulting in large voltage fluctuations. 
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NOTES ON THE BEHAVIOR OF AUSTRALIAN 
COLLETID BEES' 


Cuartes D. MicHENER” 


Fragmentary observations on nests of several bees of the family Col- 
letidae observed in Queensland, Australia, seem worth recording, especially 
since nests of one of the genera, Meroglossa, have not been described 
previously. The presence of several adults at the same time in certain 
nests of Hylaeinae is of particular interest. 


Meroglossa torrida Smith 

Nests of this species of the subfamily of Hylaeinae were found at 
Yaamba, near Rockhampton, Queensland, on August 11, 1958. This is an 
area of rather arid savanna with scattered Eucalyptus and Acacia. The bees 
occupied holes in twigs of bushes and small trees of Cassia tomentella. Over 
a considerable area, these had been damaged by grass fires, killing many 
branches and twigs which were subsequently hollowed, probably by ceram- 
bycid beetles. Many of the burrows that were opend by breaks in the 
twigs were used by Allodapula simillima (Smith) (Ceratinini) or Mero- 
glossa torrida. As the twigs were hard, without soft pith, the hollows used 
were those made by the beetles, unmodified except for removal of debris. 
A similar nest of M. torrida was found in a dead hollowed twig of Eremo- 
phila mitchelli on August 10, 1958, at Wandoo Station, 36 miles southwest 
of Sarina, Queensland. 

The burrows used by Meroglossa are usually about 4 mm. in diameter, 
sometimes varying to 5 mm. Two were merely open at one end as a result 
of the breaking off of the end of a hollowed twig. One of these (nest 1) 
was 90 mm. deep and contained four completed cells, with a fifth being 
provisioned, and was inhabited by one female bee; the other (nest 2) was 
51 mm. deep and contained two cells and one female bee. In both cases 


1Contribution number 1059 from the Department of Entomology, The University 
of Kansas, Lawrence, Kansas. The observations here recorded were made while the 
author was at the University of Queensland, Brisbane, Australia, during the twelve 
months beginning in July, 1958. 

?It is a pleasure to acknowledge facilities and aid provided through the courtesy of 
Mr. F. A. Perkins, Reader in Entomology and head of the Department of Entomology, 
University of Queensland. Studies in Australia were made possible thanks to a research 
grant provided by the Fulbright program of the United States government. 
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cellophanelike material not only lined the nest but covered the outside of 
the twig for 10 or 20 mm. from the entrance. Six other nests were found in 
twigs which, in addition to openings in some cases at the upper or broken 
ends, each had an oval opening, about 4 mm. wide and 5 mm. long, in the 
side of the twig. Probably this was an emergence hole used by the borer. 
In several such nests in which cells were being constructed, the upper 
openings resulting from breaking of the twigs were closed by frass of the 
borers, so that the side openings were the only entrances to the bees’ nest. 
The following are comments on nests having side entrances: 

Nest 3: Burrow open at broken end of twig as well as at side entrance, 
which was 89 mm. from end of twig; hollow below side entrance occupied 
by a nest of Allodapula. No cellophanelike material either inside or outside 
of hollow of twig, and no cells. Twenty three males and one female 
Meroglossa between side and upper entrances. The female was fertilized, 
unworn, with the ovaries enlarged, one oocyte nearly ready to be laid. The 
males varied from worn to unworn. Apparently bees from various nests, to 
judge by their number, entered this hollow and lived there; no Meroglossa 
had been reared there, so far as could be judged from the lack of remains of 
cells. Possibly the female would soon have constructed cells in this hollow 
or elsewhere. The males clearly knew their way to this nest, since some 
flew away when the nest was first split open but were later caught trying 
to get back into it. 

Nest 4: Burrow closed by frass of borer near broken end of twig; side 
entrance 130 mm. from end of twig; burrow opened for 111 mm. above side 
entrance and 35 mm. below side entrance. Cellophanelike material limited 
to upper 30 mm. of burrow. One female bee was the only occupant of this 
nest. Presumably she had only recently established herself here, had started 
to line the burrow, but obviously had as yet constructed no cells. 

Nest 5: Burrow open at broken end of twig; side entrance 72 mm. from 
end of twig, burrow extending 78 mm. below side entrance. Burrow entirely 
lined with cellophanelike material which does not extend outside at broken 
end but which continues onto outside of twig at side entrance, where this 
material is continuous around the outside of the twig for 10 mm. above 
and 60 mm. below the side opening. No brood above side opening, three 
cells at lower end of nest. Nine bees, five males and four females, occupied 
the nest but only one of the females was fertilized and had large ovaries. 
The other females were unworn, unfertilized, with slender ovaries. 

Nest 6: Burrow closed near broken end by frass of borer; side entrance 
92 mm. from end of twig, burrow extending 46 mm. below. side entrance. 
Hollow entirely lined with cellophanelike material which extends outside at 
side entrance, surrounding twig for 10 mm. above and 15 mm. below side 
opening. Three completed cells above side entrance, none below. Ten bees, 
seven males and three females, occupied the nest; only one female was 
fertilized and had large ovaries; the others were unworn, unfertilized, with 
slender ovaries. 

Nest 7: Similar to (6) except in details; there were five males and three 
females in the nest. 

Nest 8: No upper entrance; side entrance 125 mm. from upper end of 
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hollow; burrow extending 60 mm. below side entrance. Burrow entirely 
lined with cellophanelike material which extends outside at side entrance 
and continues around outside of twig for 25 mm. above and 30 mm. below 
entrance. In burrow above entrance are four cells, below it, three cells. Two 
adult females inhabited the nest; both escaped and it is not known if both 
were egg layers or not. 

The cells, made of cellophanelike material, were end to end in series, in 
contact with one another, each 6 to 7 mm. long, 4 mm. in diameter, the 
exact shape depending on the shape of the part of the burrow in which it 
was constructed. The ends of the cells were usually transverse and flat, but 
the cell at the rounded end of a burrow had one rounded end. Eggs and 
larvae of all sizes, but no prepupae or pupae, were found in the nests. 

Efforts to establish nests of this species near Brisbane for observation 
were not very successful. The bees were exceedingly active and easily 


3 i PS i 

Fig. 1-9. Nests of Meroglossa sculptifrons in dead flowering stems of Xanthorrhoea. 
In some (1, 8) the nest entrances are at broken ends of stems while in others (2, 3) 
the nest entrances are in the sides of stems. Figure 4 represents a nest that was unusual 
in that the bee had entered a large hollow (top of figure) and made the burrow below 
the hollow. The nest with two cells shown in figure | is enlarged in figure 5 to show a 
partition of pith fragments above the lower cell and an enlargement of the burrow below 
the upper cell; presumably the pith fragments were obtained by making this enlargement, 
which is unlined. Similar dull, unlined enlargements can be seen in figure 3. Figure 4 
shows an old, much used nest in which many such enlargements have been made; all 
are now lined with fresh cellophanelike material. Figure 6 is an enlargement of a 
similar nest showing the irregular enlargements and transverse raised black lines which 
are remnants of larval feces left at the bases of cells. The lines at the right mark the 
levels of such remnants. They are all now covered with fresh cellophanelike material. 
Figures 7 to 9 are of nests whose cells were placed end to end with no spaces between 
them. Pupae from the lowest two cells in figure 7 were lost; the three pupae visible in 
this nest are those of parasitic wasps of the family Gasteruptiidae. Figures 1-6 are 
photographs of nests collected at The Summit, September 30, 1958; figures 7-9 are of 
nests collected at Tibrogargen Creek on October 17, 1958. 
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disturbed, and they abandoned nests in which windows were installed to 
observe the interactions among the various adults. One female, however, 
stayed in a nest set up at Moggill, near Brisbane. She was relatively inactive 
during August and September, in spite of having started to provision a cell 
in early August at Yaamba. Probably this was because of the lower tempera- 
tures in Brisbane. However, with approaching summer she constructed and 
provisioned three cells (before November 13) and by February | there 
were at least two adults in the nest. They escaped and did not return when 
the nest was opened for examination. 

Summary AND Conc.usions on Meroglossa torrida: The nests are not 
excavated by the bees but use is made of pre-existing burrows in twigs. In 
early spring when the observations were made, some bees of both sexes were 
probably still in the wintering quarters (nest 3), where bees from more 
than one nest appeared to have congregated in a burrow not previously 
used by Meroglossa. (Winter is mild and very short at the localities con- 
cerned, which are just within the tropical zone.) Other bees were also in 
wintering quarters, probably in old nests (nests 5, 6, 7) which, however had 
been refurbished so that there was no proof of previous occupancy by 
Meroglossa. Some females had started to line their nests with the cello- 
phanelike salivary secretion similar to that used to line cells by all Col- 
letidae (nest 4). The other nests were completely lined, cells were being — 
constructed and provisioned and larvae were growing. This is the only 
colletid known to me in which the salivary material is continued beyond 
the nest entrance onto the outside of the twig. In some nests a single female 
was working alone (nests 1, 2, 4). In others numerous bees were living to- 
gether. The majority in such cases were males (nests 3, 5, 6, 7), perhaps 
because the females in such groups as they reach reproductive condition 
usually leave to establish their individual nests. These males varied greatly 
in age (or at least in extent of wing wear, from fresh and unworn to badly 
tattered). The females remaining in such groups were mostly unworn, with 
slender ovaries and no sperm cells in their spermathecae. Presumably such 
females, like some of the males, were merely in wintering or prereproductive 
quarters. In each nest, however, one of the females had at least slightly 
worn wing margins, large ovaries, and sperm cells’ in the spermatheca. It 
is interesting that such females go ahead with nesting in the presence of 
males and other females. There is no evidence that the latter cooperate in 
Nest construction and provisioning, and their unworn condition suggests 
that they do not do so. However, the members of the group must live 
relatively peaceably together. : 

From the presence of males and unfertilized females, it seems probable 
that the cool winter weather merely stops active reproductive activity with- 
out killing the bees, and that with warm weather individuals of all ages 
continue their activity. Lack of prepupae and pupae in the early spring 
nests is evidence of a winter cessation of egg laying. 


Meroglossa sculptifrons (Cockerell)* 
Nests of this species were found in dead, dry, erect flowering stalks 


* Meroglossa sculptifrons (Cockerell) (new combination) was described as a Hylaeus. 
It is the same as Meroglossa hardcastlei Rayment, 1939 (new synonymy). 
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of Xanthorrhoea at the following localities, all in southeastern Queensland: 
The Summit (near Stanthorpe), Capalaba, and Tibrogargen Creek (near 
Beerwah). Rayment (1939) recorded nests from stems of Tristania. The 
nests found by me consisted of burrows excavated by the bees themselves in 
the pithy centers of the stalks. Of 41 nests studied, 24 were cut through the 
hard outer walls of the stalks and then turned downward through the pithy 
material (figures 2 and 3), while 17 entered broken ends of stalks and 
therefore entered the pithy material directly. Apparently completed bur- 
rows ranged from 65 to 270 mm. in length (mean depth and its standard 
error: 133.9 + 5.83 mm.). New burrows are 4.5 to 5 mm. in diameter, 
narrowed at the entrances to 4 mm. or sometimes 4.5 mm. in diameter. 

One burrow which was being made was already lined with cellophane- 
like material near the entrance, indicating that this substance is applied to 
the upper part of the burrow before the burrow is complete. Otherwise, 
except as explained below, the nests were completely lined with cellophane- 
like material. 

A second coating of very smooth cellophanelike material is applied to 
the lower 15 to 20 mm. of the burrow to form the wall of the lowest cell. 
When it is provisioned and an egg laid, the cell is closed by a cellophane- 
like partition making a cell 11.5 to 14 mm. long. The process may then 
be repeated to make a second and following cells, end to end in series, 
separated from one another only by cellophanelike partitions (figures 7 to 
9). However, it often happens that, separating two to all of the cells in a 
series, partitions up to 3 mm. in thickness made of bits of pith are found. 
It is apparent that this pith is obtained from the walls of the burrow, for 
above a partition of pith, the burrow is always enlarged. The bee chews 
through the cellophanelike lining of the burrow to obtain the pith and bits 
of the lining may be found mixed with the particles of pith. The enlarge- 
ment in the burrow may reach 6 or rarely 6.5 mm. in diameter. Above such 
a partition of pith particles the bees consistently leave an empty space 13 
to 19 mm. long (figure 5), and construct the next cell above the place 
where the burrow lining has been destroyed. 


In a burrow used only once, the enlargements described above have no 
effect on the form of the cells, which are uniformly cylindrical except for 
the lowest one which is rounded at the bottom in conformity with the 
rounded end of the burrow. However, it is evident that the burrows are 
used repeatedly, perhaps sometimes extended before re-use. The partitions 
and most of the cell linings are cleared out and the entire burrow is relined 
before it is re-used, the new lining following any enlargements and cover- 
ing rings of larval fecal material that do not readily come off of the walls 
of the burrow (figures 4 to 6). The result is that, especially after several 
uses, the burrow becomes very irregular. Cells constructed in such a burrow 
may be irregular in details of their shape, for their walls are laid down 
upon those of the burrow, but they are not constructed in parts of the bur- 
row that have been much enlarged, and hence are not grossly irregular. 


Cells are 11.5 to 14 mm. long, 4.5 to 5 mm. in diameter, made of cello- 
phanelike material as explained above. The cells are filled about half full 
of whitish to yellow liquid provisions having a yeasty odor. The young 
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larva floats, curled, on top of these provisions; older larvae consume the 
provisions entirely. 

The feces of the larvae are deposited, after feeding is finished, at the 
bottom of the cell (figure 10). They are yellowish to brown, evidently de- 
posited as soft pellets which are pushed together (but remain distinguish- 
able) by movements of the larva. The fecal material is pushed to the 
margins of the bottom of the cell, forming a ring which is rarely com- 
pletely removed before the burrow is re-used, and leaving the center of 
the partition transparent. 

_ The number of cells per nest varied from one to eight. Several nests with 
seven or eight cells were found, still with a female presumed to be the 
mother, and with no new cells or cells containing young larvae. Presumably 
this is the normal full complement of cells. Similarly, however, nests with 
a probable mother and no evidence of recent activity and no young larvae 
were found with as few as one or two cells. These nests were at Tibrogargen 
Creek, after a long period of dry weather when very few flowers were 
available. Possibly the bees had only been able to complete a few cells be- 
cause of the shortage of food. It is interesting that in spite of considerable 
collecting, I did not obtain specimens of this bee on flowers. Probably it 
visits flowers of trees which were too high for ordinary collecting methods. 
Rayment (1939) records it from flowers of Eucalyptus microcorys. 

The seasonal cycle is not clear from the data at hand, although it seems 
probable that egg laying goes on throughout the warmer months of the 
year. Eggs were found on September 30, October 5 and 17, November 24 
and February 19. No nests were found in the autumn; therefore there is 


~ no evidence of when egg laying stops. The four nests found in midsummer 


(January) contained only mature larvae and adults, but the number of nests 
is so few that there is not evidence of cessation of egg laying at that season. 


Fig. 10. Pupae of Meroglossa sculptifrons in cells. The cellophanelike cell linings 
have been removed from the exposed side of the cells. Note the dark fecal material at 
the bottom of each cell. 
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The four cells found on September 30 and October 5 all contained eggs or 
very young larvae. However, among 55 cells found on October 17 all stages, 
including young adults, were present. It therefore seems likely that if 
enough cells had been found on September 30 and October 5, at least some 
well grown larvae would have been found. Among 20 cells obtained on 
November 24, all stages were also found. 

On October 17, November 24, and January 6 several nests were found 
containing from three to eight adults. These represented both sexes in equal 
numbers (15 females, 16 males, in five nests). All were unworn and pre- 
sumably young; the females had slender ovaries and many if not all of 
them were unfertilized. The partitions between the cells had been broken 
into fragments and together with larval feces, etc., loosely filled the bottom 
of each nest. The fact that, on the dates mentioned, five out of the 24 
occupied nests studied contained only such young adults indicates that there 
is a rather long prereproductive period during which the adults live to- 
gether, in groups. There is no evidence that these groups are anything but 
groups of brothers and sisters living temporarily together. There is evidence 
that the bees come and go from their abodes during this prereproductive 
period, for some had pollen in their guts which they could only have gotten 
from flowers and some returned to nests from which they had escaped, an 
ability which they could only have acquired by experience outside the nest. 

Presumably when the bees achieve reproductive condition they ordinarily 
disperse, leaving perhaps one female to re-use the parental nest. Most nests 
containing small larvae or cells being constructed or provisioned were in- 
habited by only a single adult female. Of 15 such nests studied, however, 
two contained two females and one, three. In one of these nests, one female, 
with badly tattered wings, was fertilized and had somewhat enlarged 
ovaries. The other, although unworn and. unfertilized, also had somewhat 
enlarged ovaries. Presumably the latter would soon have left to establish 
her own nest. Neither female had an oocyte approaching the size of an 
egg, and there was no cell being provisioned to receive an egg. In the second 
nest inhabited by two adult females, one was fertilized, had one nick in 
its wings, and had fully enlarged ovaries with an oocyte almost ready to lay. 
(There was a cell seemingly ready to receive it.) The other female was 
probably unfertilized( although the spermatheca was lost before it could be 
examined properly under a compound microscope), was unworn, and had 
partially enlarged ovaries. The third nest, inhabited by three females, con- 
tained no provisioned cells but a cell was ready to receive provisions. One 
female had a few nicks in the wings, large ovaries, although no oocyte was 
ready for laying, and was probably fertilized. The other two bees were 
unworn; one was fertilized and had slightly enlarged ovaries, the other 
was unfertilized and had slender ovaries. 

Tentatively, these data suggest that a nest may be begun by a female 
in the presence of reproductively less precocious individuals, as in Mero- 
glossa torrida, although far less frequently than in that species, and further- 
more, that ovarian swelling may precede mating and that mating may occur 
before a bee leaves its prereproductive group. 

Sometimes a worn female, presumably the mother, was found in a nest 
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old enough that most of the young were already pupae, but there is no 
evidence that she survives to coexist with her adult progeny. Such females 
have slender ovaries, but their worn wings and the presence of sperm cells 
in the spermathecae are indicative of earlier activity. Once an unworn al- 
though fertilized female was found in such a nest. Presumably she was not 
the mother, but was merely a young female seeking to establish a nest in a 
convenient burrow. 

Summary AND Conctusions on Meroglossa sculptifrons: The nests are 
excavated in pithy material by the bees. Old nests may be re-used. At least 
in late spring all stages may be found simultaneously in various nests; data 
are insufficient to establish whether this is also true for summer and fall, 
but in any case eggs were found in September, October, November, and 
February. Nest burrows are completely lined with cellophanelike salivary 
secretion and cells, made of similar material, may be either contiguous end 
to end or separated by pith fragments and empty spaces. The number of 
cells per nest may be as high as eight. 

Young adults of both sexes spend considerable time, probably over a 
week, together in the parental nest after removing the cell walls. Although 
females in such prereproductive groups are usually unmated, moderate 
ovarian enlargement as well as mating probably sometimes occurs before 
females leave such groups to establish their own nests. Occasionally one or 
two probably prereproductive females may be present in a nest which is 
being provisioned. 


Euryglossa subsericea Cockerell 

Numerous nests of this bee, a member of the strictly Australian tribe 
Euryglossini, were found on December 17, 1958, in nearly bare, partly 
shaded, flat ground in a yard in Brisbane, Queensland. I am indebted to 
Mr. Saran Singh Sekhan for calling my attention to them. The soil was 
sandy with clay patches; most of the cells were in the latter. Two nests were 
also found at Binna Burra near Lamington National Park, Queensland, 
among nests of Paracolletes incanescens. sits 

The burrows were irregularly vertical, 3.5 to 4 mm. in diameter, 110 
to 160 mm. deep. The burrows were sometimes partly full of loose dirt 
through which the bees must have worked their way in entering and leaving. 
New burrows had symmetrical tumuli about 30 mm. in diameter around 
the entrances, which returning bees seemed to have great difficulty in find- 
ing. 
The cells were more or less horizontal, usually at the ends of sub- 
horizontal lateral burrows extending for a very few centimeter from the 
bottom of the main burrow. These lateral burrows were indistinguishable 
from the surrounding matrix when filled with soil, as they are except when 
in use. In any one nest therefore, only one lateral burrow was open and 
recognizable although four or five cells presumably associated with the 
single main burrow were sometimes found. Previous reports of nests of 
Euryglossa with only one cell each (Rayment, 1935) may be a result of the 
habit of closing lateral burrows. Occasionally two cells were found end to 
end in a single lateral burrow, as shown in figure 11. 

The cells were 3.5 mm. in maximum diameter, 7.5 mm. long, sym- 
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metrical about the main axis and, so far as could be seen, not flattened on 
one side as in such bees as Paracolletes and Andrena. Also unlike those 
bees, the cells were not very smooth on the inner surfaces. The cells (but not 
the burrows) were lined with a cellophanelike film. 

The provisions are odorless, yellow, quite liquid, and fill the closed 
ends of the cells. The egg floats on the surface of the provisions and small 
larvae are curled on the same surface. Older larvae feed toward what ought 
to be the posterior end of the cell and prepupae and pupae (at least one) 
remain in the same position, with the head away from the original cell 
opening! The provisions are completely eaten, and no cocoon is spun. 

Eggs, larvae of all sizes, and one pupa were found. Larvae taken into 
the laboratory soon reached the prepupal stage and remained in that condi- 
tion at least through June, 1959. Presumably they would have pupated and 
emerged in the spring. 


Paracolletes (Cladocerapis) incanescens Cockerell 

Both sexes of this species were found on flowers of Persoonia (Pro- 
teaceae) at Binna Burra, near Lamington National Park, in southeastern 
Queensland, on December 7, 1958. Further verification of Rayment’s (1950, 
1954) statements on the dependence of species of Cladocerapis on flowers of 
Persoonia was obtained at Beerwah, Queensland, where both P. (C.) 
speculiferus Cockerell and bipectinatus (Smith) were captured only on 
flowers of this plant. 

Nests of P. incanescens were found in loose aggregations or sometimes 
scattered along paths and roads where the nearly bare, firm ground was 
fully exposed to the sun. ) 

The burrows were roughly vertical, 4 to 4.5 mm. in diameter, 70 to 
150 mm. deep [much shallower than those described for other Cladocerapis 
by Rayment (1950, 1954)], with tumuli, often asymmetrical, 35 to 40 mm. 
in diameter, around the entrances of the newer burrows. At this season 
(early summer), many nests were mere burrows, others had a single cell 
being provisioned. Each such cell was at the end of a lateral extension about 
10 mm. in length from the bottom of the main burrow. Remains of nests 


Fig. 11. Lateral views of two cells of Euryglossa subsericea. The food provisions in 
one of them are stippled. Usually there is only one cell per lateral burrow instead of two 
as in this figure. 

Fig. 12. Lateral view of cell and lower end of burrow of Paracolletes incanescens 
showing provisions (stippled) and egg. Cp. 

Fig. 13. Lateral view of cell of Paracolletes incanescens showing larval feces (black). 
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of the previous season suggested that a completed nest would contain four 
or five such cells, radiating from the bottom of the main burrow, the lateral 
burrows extending to them being filled with earth. 

The cells were horizontal, about 6 mm. in diameter and 13 mm. in 
length, slightly flatter on the lower than on the other surfaces (as in South 
American Paracolletini, see Michener and Lange, 1957, also as in Andrena, 
etc.), very smooth-walled, lined with a cellophanelike film. 

Provisions formed a flattened sphere in each cell; the horizontal diameter 
was about 4.5 mm., the vertical diameter about 3.5 mm. An elongate curved 
egg about 2 mm. long was on top of the provisions (figure 12). Feces of the 
mature larvae were deposited on the closed (posterior) end of the cell and 
no cocoon was spun (figure 13). 

On December 7 many cells made the ‘previous season still contained 
black pupae. The oldest young in the present season’s cells were newly 
hatched larvae. Such larvae in unopened cells brought into the laboratory 
grew quickly but remained as prepupae at least until the following June. 
No doubt they would have emerged the following December. Rayment 
(1950, 1954) also believed that there was but one generation per year in 
Cladocerapis. 
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OBSERVATIONS ON THE BIOLOGY OF 
CUTEREBRA LATIFRONS COQUILLET 
(Diptera: Cuterebridae) 


F, J. Rapovsky anp P. Carts 
University of California, Berkeley 


The larvae of Cuterebra develop subcutaneously in a variety of rodents 
and lagomorphs in Nearctic and Neotropical regions. Knowledge of the 
biology of this genus is quite fragmentary. This is largely the result of the 
infrequency with which the adult flies are captured and the difficulties en- 
countered in laboratory rearing. In June 1958, the authors received 270 
fertile eggs laid by a female of Cuterebra latifrons Coquillet, 1898. This 
provided opportunity to study the biology of the immature stages and the 
possibility of establishing a laboratory colony. Although the latter objective 
was not realized, 3 eggs were reared to adults and observations were made 
on all stages. These experiments were conducted in Berkeley, California 
from June to October, 1958. 

The female fly which laid the eggs used in this study was captured 
in the cellar of a human dwelling in Mill Valley, Marin County, California, 
on 21 June 1958. This area is frequented by the dusky footed woodrat, 
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Neotoma fuscipes, the probable host. C. W. Sabrosky notes (in lit.) that 
morphologically C. latifrons belongs to that group in the genus which 
attacks woodrats, and Ryckman (1953) has reared adults of this species 
from larvae taken from parasitized Neotoma. 

Appreciation is given to H. B. Leach of the California Academy of 
Sciences who referred the specimens to our attention. We are also indebted 
to C. W. Sabrosky of the U. S. National Museum who confirmed the 
identifications of adults and to D. P. Furman of the University of California 
who made suggestions during the preparation of this paper. 


AND METHODs 


The eggs were held in the glass containers in which they had been 
deposited by the captured adult. These containers were kept over a water 
moat in a well insulated room in which temperatures ranged from 19 to 23° 
C. and relative humidity from 60 to 75 per cent. Eggs were examined for 
hatching at 12-hour intervals, and a few were dissected periodically to 
check for larval development. 

As the eggs hatched, larvae were transferred on the tip of a fine art 
brush to dampened filter paper in 25 mm. covered Petri dishes. These 
dishes were kept in a humidity chamber providing a nearly saturated 
atmosphere and held at 19 to 23° C. For the majority of the experiments 
on behavior, first instar larvae were transfered to glass procaine tubes, 8 
cm. long and 7 mm. in diameter. Only free-living larvae of an age well 
within the period of average longevity were used for these experiments. 

All rodents were infected via the nares as was reported for other 
Cuterebra species by Beamer and Penner (1942) and Penner and Pocius 
(1956). At first, animals were restrained by hand while larvae were in- 
troduced into the nares on the tip of an art brush. Subsequent infections 
were made, with equal success and less difficulty, by offering each larva 
to the caged rodent on the sharpened tip of an applicator stick. When the 
rodent inquisitively sniffed the stick, the larva readily transferred to its 
host. 

Laboratory rats, laboratory mice (strain C;H/He Crgl) and several 
species of wild rodents trapped in the Berkeley area were used as experi- 
mental hosts. Rodent cages were provided with % inch to 4% inch wire 
cloth floors to permit prepupae to fall through and pupate in damp sand 
beneath the screen. Infected animals were kept in a room where tempera- 
tures ranged from 18 to 28° C. Hosts were examined daily for signs of larval 
development. Autopsies were made of all animals and any bots that were 
found were preserved. 

Puparia placed in vials containing loose, dry sand were held at 19 to 23° 
C. and 60 to 75 per cent relative humidity. A screened glass chimney was 
placed over each vial to contain the imago. 

REsuLTs 

The 270 eggs from the wild-caught fly were laid in a period of 2 days 
(22 and 23 June). After 5 days the operculum was teased off an egg, and 
a partially developed larva was found inside. On the 8th postoviposition day 
2 more eggs were opened and active, fully developed larvae were found. 
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Unaided hatching occurred on the 9th through the 24th days and is detailed 
in Table 1. During this period 97 per cent of the unmolested eggs hatched. 
Periodic examination of the eggs during the next 60 days showed no further 
hatching. 

On 3 occasions large numbers of eggs hatched when the investigator 
picked up the containers for examination. Although this indicates that 
hatching is in response to some activity of a potential host, attempts to 
induce hatching by specific stimuli were unsuccessful. Human breath, 
jarring the containers, and heat from an incandescent lamp were tried. If 
all larvae ready to hatch did so immediately in response to the presence of 
the investigator, this would explain the uniform failure of the stimuli tested. 

Larvae emerged from the egg by lifting the operculum and crawling 
out head first. Hatching required approximately 1 second. The dorsally 
hinged operculum usually closed partly over the opening after the larva 
had left, but the operculum sometimes became detached and on occasion 


Taste 1. Hatching of Eggs of Cuterebra latifrons at 19 to 23° C. 


Period in 
days after 
oviposition 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 


Number of eggs 


was seen adhering to the body of a newly emerged larva. The larvae were 
fully active at the time of hatching. 

Very little larval mortality was noted during the first 5 days following 
hatching. The mode average longevity of 93 larvae was between 6 and 7 
days. Larvae used: for observations of longevity were not used in other tests 
and remained inactive throughout most of their lives. 

Behavior of first instar larvae outside of the host. Larvae attached to the 
substrate by the sucker-like, caudal holdfast organ. When at rest the anterior 


_ end of the body drooped down toward the substrate. Under certain stimuli 


discussed below, a questing response was observed: the body was held erect 
and swayed to and fro. Locomotion was of the measuring worm type and 
was observed on a variety of surfaces. 

To test the reaction to gravity, 11 larvae were distributed along a 
vertically positioned procaine tube. The tube was corked at both ends and 
covered with several layers of black cloth. During a 4-hour period migration 
failed to occur either up or down the tube. This lack of response is further 
supported by the failure of larvae on the sides of containers:to move from 
the site of hatching. 

Larvae, placed in a corked tube with % of its length covered with several 
layers of masking tape, moved toward the light end of the tube. Ten larvae 
were tested in each of 3 tubes. The light used was a 100 watt incandescent 
lamp at a distance of not more than 2 meters. Larvae migrated to the 
exposed portions, a maximum distance of 6 cm., in from 1 to 2 hours. 

When a wad of cotton soaked in hot tap water was placed in the un- 
corked end of a porcaine tube, the larvae in the tube responded by crawling 
toward the plug. Locomotion soon ceased, apparently because conditions 
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had reached equilibrium in the tube. A similar but more rapid response 
resulted when | cm. of the open end of the tube was immersed in hot tap 
water (approximately 60° C.). When the same tube was corked at both 
ends and immersed as above, there was no larval response. Larvae moved 
away from the open end of another tube when it was held against a dry, 
80° C. surface. 

Larvae reacted positively to the observer's finger when it was pressed 
against the substrate within 3 cm. of their site of attachment. Initially some 
— gave a questing response, but all eventually migrated toward the 

nger. 

Unless they were distinctly moribund, larvae responded to human breath 
directed upon them with an exaggerated questing response. 

Invasion of and development within the host. A total of 65 larvae were 
given an opportunity to invade a total of 37 rodents. The hosts used were 
as follows: 20 Mus musculus, 5 Rattus norvegicus, 3 Neotoma fuscipes, 3 
Peromyscus truet, | P. californicus, 3 Reithrodontomys megalotis and 2 
Microtus californicus. The number of larvae offered to each host was deter- 
mined on the basis of host size. A single larva was offered to each Mus and 
up to 5 larvae were introduced into each Rattus or Neotoma. 

The larvae readily entered all-of the rodents tested. As the larvae were 
brought into the proximity of the nares, there was an active questing re- 
sponse. When contact was made with the host, the larvae readily left the 
transport instrument. Larvae disappeared quickly into the nares, moving in 
a slug-like manner, and appeared literally to melt into the nasal mucosa. 
Several larvae were seen to enter the external groove between the nares. 


Of the hosts listed above, only the woodrat, the laboratory rat and the 
laboratory mouse supported bots. In the other rodent species, there was 
neither illness nor evidence of larval development. Two of 3 woodrats be- 
came parasitized, one with a single bot and the other with at least 2 bots. A 
single prepupa was recovered from each rat; the third bot either died in the 
host or was eaten by the host when it emerged. These bots remained in - 
their hosts for 38 and 42 days. Each formed a puparium which produced an 
adult fly. The sites of development were on the cervical and anterior sternal 
regions of their hosts. Once the bots had left the host, the wound healed 
within a week. 

One bot developed on the throat of 1 of 5 mature laboratory rates. This — 
bot left the host after 37 days, pupated and produced an adult fly. Again, 
the wound healed rapidly. 

Infection with a single larva gave positive results in 64 per cent of 20 
laboratory mice. These larvae were from 1 to 6 days old at the time of 
introduction into the host. There appeared to be no correlation between 
larval age and the ability of larvae to develop in the host. Four mice died 
before the bots they supported had moulted to the third instar. In one of 
these mice the second instar larva was found inside the cranium and was 
clearly the cause of the host’s death. Another larva moulted to the third 
instar 1 hour after removal from a subcutaneous site on a dead mouse. This 
moult took place 16 days after the beginning of the infection. Although the 
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sites of development were for the most part on the neck and breast, some 
did locate in the dorsal scapular region. 

A total of 8 large third instar larvae were obtained from laboratory mice. 
Most of these bots emerged after the death of the host. The time spent in 
the host was from 20 to 24 days. This period is slightly more than half as 
long as that required by bots in Rattus or Neotoma. None of the bots reared 
in mice produced normal puparia. They darkened and hardened as normal 
larvae did, but retained the larval segmentation and died within a few 
days. 

Two mice in which larvae had failed to develop were each exposed to 2 
additional larvae. No development was noted in one mouse while the other 
supported a bot for 22 days before the host died. 

The pupal stage. The 3 bots that produced adults remained in the pupal 
stage 31, 37 and 42 days. Once the darkened third instar larvae had dropped 
from the host, they required less than a day to form hard, comma-shaped 
puparia. The anterior spiracles evaginated and apparently were the only 
functional respiratory outlets, a feature also noted by Bennett (1955) for 
C. emasculator. The posterior spiracles became infolded and hardened. The 
adult fly emerged from a white, membranous pupal skin and left the sur- 
rounding puparium by means of a large, anterior, dorsal operculum. The 
last larval mouthparts were still in evidence on the anterior floor of the 
puparial case. 

Table 2 presents the egg to adult cycle for each of the 3 bots that reached 
adulthood. 

Adults. All 3 adults emerged in the last 2 weeks in September. One 
female fly lived 9 days subsequent to emergence and one male lived 14 days. 
The third reared adult died by accidental drowning shortly after emerging. 
The female and male were kept in the same container for 3 days before the 
female died. However, the female had begun to lay infertile eggs prior to 
the emergence of the male, and no attempts at mating were observed. This 


Taste 2. Summary of Life Cycle in Days for Three Cuterebra latifrons. 


Oviposition Hatching to Development Pupal Total Sex of 

Host tohatching infection in the host stage cycle adult 
Rattus norvegicus 13 2 37 42 94 "female 
Neotoma fuscipes 10 1 38 37 86 female 
Neotoma fuscipes 22 5 42 31 100 male 


female laid a total of 260 eggs, and the manner of oviposition was similar 
to that described by Bennett (1955) for C. emasculator. When not in flight, 
the male frequently produced a humming sound by vibrating its allulae, as. 
was reported by Fonseca (1939) for C. apicalis. 


Discussion 


Investigators have suggested that Cuterebra larvae invade the host 
through the wall of the alimentary canal following ingestion, or directly 
through the skin with subsequent development at or near the site of entry. 
Beamer and Penner (1942) observed larvae of what was suspected to be 
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C. buccata entering the nasal openings of a rabbit. Penner and Pocius (1956) 
were regularly successful in infecting laboratory rodents via the nares with 
a Cuterebra species from the eastern United States. The present writers 
have confirmed the nasal route of entry for C. latifrons. However, evidence 
of direct skin penetration by some species exists; it has been observed in 
one species referred to above (Beamer and Penner, 1942). In our experi- 
ments larvae were not given an opportunity to penetrate the skin, and the 
ability of C. latifrons to enter the host in this manner is yet to be investigated. 

Some of the observations made on the behavior of the free-living larvae 
can be applied to the manner of host acquisition. A positive phototropism 
tends to bring larvae to the surface of duff and debris in areas of host 
activity. Conversely, a geotropic response, if it were present, might cause 
larvae to move up objects to points above the area of host activity and into 
an unfavorable microclimate. Larval questing in response to breath clearly 
operates in favor of host acquisition. 

Results reported here support previous observations on host specificity of 
Cuterebra species. Refractoriness was observed in 3 genera and 4 species of 
native wild rodents other than Neotoma. There appeared to be a high 
degree of resistance to the development of bots in the laboratory rat. How- 
ever, when a bot did develop, this host was able to support it through a 
normal developmental period. Laboratory mice showed little resistance to 
the development or to the effects of the parasites. The mice were unable to. 
sustain bots for a sufficient period to permit normal development. The high 
host-mortality rate in laboratory mice may have been due to toxins pro- 
duced by the bots or to the nutritional drain and physical trauma caused 
by the relatively large parasites. 

The observed pupal period of 31 to 42 days is shorter than that reported 
for many other species of Cuterebra. This period, coupled with constant 
environmental conditions, suggests that diapause is not a necessary factor in 
the pupal development of C. /atifrons. 


SUMMARY 


Eggs of Cuterebra latifrons Coq. were permitted to hatch in the labora- 
tory and the larvae were reared successfully in the woodrat and laboratory 
rat. The larvae developed only partially in the laboratory mouse and not at 
all in several species of wild rodents. Experiments were conducted with 
infective stage larvae to test reactions to various stimuli; the role of larval 
response is discussed from the aspect of host acquisition. Observations are 
reported on all stages of the parasite and the lengths of the stages indicated. 


\ 
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THE RESISTANCE OF SOME AMERICAN WHEATS 
TO HESSIAN FLY OF MIXED FOREIGN 
PARENTAGE 


; H. F. Barnes 
Rothamsted Experimental Station, Harpenden, Herts., England 


Painter (1930) and Painter, Salmon & Parker (1931) showed that the 
Hessian Fly population of any one locality in Kansas consisted of a mixture 
of two or more genetically distinct strains that could be distinguished by 
the extent to which they were able to infest various wheat varieties. Ches- 
nokov (1939) demonstrated that Hessian Fly from two geographic regions 
in the U.S.S.R. differed in their ability to infest the variety Illini Chief. 
Cartwright & Noble (1947) showed that a number of winter wheats were 
resistant in California but susceptible in Indiana. Gallun (1955), by selecting 
individuals of a locally reared population and inbreeding for six or more 
generations, developed four races of Hessian Fly at Lafayette, Ind. He 
defined a race as ‘a group of flies differing from another group in its ability 
to develop on specific wheat varieties representative of a definite inherited 
type of resistance.’ No morphological differences between the adults of these 
races can be detected. 

The purpose of this investigation was to discover whether wheat varie- 
ties, resistant to Hessian Fly in one country, were also resistant to Hessian 
Fly from foreign countries. Apparently no experiments have previously been 
made with non-indigenous midges. 


EXPERIMENTS 


Two series were made. The first was designed to compare the success of 
a mixture of biotypes from different countries in reaching maturity on 
wheat varieties known to be resistant to Hessian Fly in the country where 
they were developed. In the second the relative numbers of puparia formed 
on the varieties by this same mixture of biotypes were assessed. 

Both series were severe tests because in no experiment was there a choice 
of wheat variety and also because of the rather high temperatures in the 
glasshouses where the experiments were made. Although the windows were 
permanently open, the temperature occasionally reached 90° F. The spring 
and summer of 1959, when the first series of experiments was made, were 
characterized by above normal temperatures and amount of sunshine. Cart- 
wright, Caldwell & Compton (1946) showed that at a temperature range 
of 75-80° the percentages and intensities of infestation were higher than 
at 60-65° F., more so for resistant than susceptible varieties. 


MATERIAL 
The Hessian Fly used were originally obtained from Kansas, U.S.A., 
northern Germany and Harpenden, England, during the winter of 1956-57, 
and have been interbred at Rothamsted Experimental Station since the 
spring of 1957 (Barnes, 1958). In the winter of 1958-59 overwintering larvae 
of this mixture of biotypes were used to study some of the factors influencing 
emergence (Barnes, Miller & Arnold, 1959). 
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Nine American varieties of wheat were used, as well as the German 
“Marquardts brauner Dickkopf” and Peko. The last named has been used 
in each of the two previously mentioned studies on the Hessian Fly. The 
American varieties were in order of known resistance in the U.S.A.: Durum 
(P.I.94587) and Pawnee X P.I.94587 (12855); Mediterranean-Hope-Pawnee 
Oro-Ill.I-Comanche (12804), Dual (13083), Gelou-Oro  Cheyenne- 
Tenmarq (K.S. 46799) and IIl.no.[W 38; Ponca (12128) and Marquillo- 
Oro X Triunfo (12858); and the susceptible Tenmargq (C 16936). 


METHOoDs 


In the first series of experiments (Tests 1-3), the wheat was sown in 
flower-pots, 30 seeds per 7-inch pot, and immediately covered with a muslin 
cage supported on bamboo canes. Between five and nine female Hessian Fly 
were put in each cage with an adequate number of males (up to 10) when 
the wheats were in the 2- or 3-leaf stage (about 6-8 inches high). The 
actual age of the wheats at infestation can be obtained from Tables 1 and 2. 
Differences reflect the various speeds of germination and growth. As soon 
as the Gj midges began to emerge, the cages were inspected daily and the 
midges removed. This daily inspection and extraction of midges from the 
eight resistant American wheats was stopped on August 27: the few midges 
that continued to emerge in the Peko, Tenmarq and Marquardts pots 
were removed daily after this date to increase stocks for other experiments. 
The American varieties as well as the German one were tested three times. 
Peko was used as a control and source of midges. 

In the second series of experiments (Tests 4 and 5), two seed-boxes or 
flats were sown, 8 rows of 25 seeds each in the 8144143 inch flat, with 
each wheat at the end of August and beginning of September. Each flat 
was immediately covered with a muslin cage supported on bamboo canes. 
Between 14 and 16 female midges with an adequate number of males (up 
to 23) were put in each cage between August 31 and September 12 (Tables 
5 and 6). The puparia were removed from the plants and counted during 
the first ten days of November. 


REsuLTs 


Full data concerning both series of experiments are given in Tables 1, 2, 
and 4. Summarized results of the experiments to discover the success of 
the hybrid midges in reaching maturity are given in Table 3. Table 5 sum- 
marizes the experiments made to determine how many puparia were formed 
on each variety of wheat. 


Discussion 

The midges appeared to oviposit equally freely on all of the varieties. 
But both series of experiments showed clearly that the varieties Peko, 
Marquardts brauner Dickkopf and Tenmarq were highly susceptible, many 
puparia were formed and many G; midges developed successfully on each. 
By contrast all the American varieties of wheat known to be resistant to 
American Hessian Fly were highly resistant to this interbred strain of mixed 
foreign origin, few puparia were formed on them and few midges of the G; 
generation developed successfully. The experiments were not designed to 


0 SI “ cb “ 6 “ (66L9b SX) 
X 
I I 0 ¢ “ cr “ 9 6 
LSI 8I 6£1 “ SE LO. 8 6 « jdoyypiq Jouneiq syprenbiey 
ZI ZI tT “ (4a ZI “ if (F08Z1) 
-O19 X 
€ 0 € I “ 62 8 91 “ if “ (8ZIZ1) 
“ SI « I “ (9€691 D) brewuay, 
Ort 62 19 97 “ Z ST “ T 
101 91 S8 ZZ isn3ny ve 61 aun{ 
0 0 0 = 6 8 “ W 
X 
I I 0 SZ 6+ SZ 9 “ Il « 
IST LZ ysnsny cE 9 9 Jouneiq syprenbiepy 
-O19 X 
$8 0 “ 9¢ Or « “ b “ (9€691 
IZ 0 1Z “ Le Ol « 9 
Ayunyew Zuryovss § 03 JOON sa3prur qusieg prs 
jo jo "ON 


MaweA uo Suryseay pue synpy jo soueseaddy on skeq ‘sa8pry jo 
WAM ‘SursdsyoO jo pur pue saspry yuoreg Jo uonsasuy “Surmog Jo sayeq 


| | 
: | 

| 

| 

| 

| 

| 

| 

| 

| | 

| 

| 

| 


15 


42 


24 


Vo . 33, No. 1, January, 1960 41 


allow the different varieties to be placed in order of susceptibility or resist- 
ance and the differences within the groups of susceptible and resistant 
varieties are not significant. 

The actual numbers of puparia formed and midges that completed their 
life cycle is less important than the percentage of the plants on which they 
developed. The fact that midges were unable to develop on some individual 
plants among the susceptible varieties indicates that such plants could be 
used in selecting and breeding resistant strains. Such plant selection is of 
course the method used so successfully by Mr. E. T. Jones at Kansas State 
University, Manhattan, to discover new resistant strains. Reciprocally, the 
few plants among the resistant varieties on which the Hessian Fly developed 
successfully might be used, in conjunction with those that withstood in- 
festation, in attempts to discover the causes( biochemical or other) of 
resistance. Incidentally it can be seen from Tables 5 and 6 that the germina- 
tion rates of the various wheats differed considerably. 

The fact that American wheats, resistant to American Hessian Fly, also 
exhibit such clear resistance to midges of mixed English, German and 
American parentage is important. It suggests that the fears of new introduc- 
tions of Hessian Fly from foreign countries may have been unjustified, 
particularly in countries that have bred wheats resistant to their own 
Hessian Fly. These experiments do not prove, however, that all biotypes 
from abroad would always be innocuous. 

The limitations of the tests were such that the results need not be con- 
sidered to be incompatible with the fact that biotypes differ in their ability 
to infest wheat varieties, as mentioned in the introductory paragraph of this 
paper. 

SUMMARY 

Eight American varieties of wheat, resistant to American Hessian Fly, 

also had comparable resistance to Hessian Fly of mixed foreign parentage. 


Taste 3. Summary of Tests 1-3. Numbers of Parent Midges and Progeny 
on Each Variety of Wheat, Together With the Known Degree of Resistance. 


No. of 29 No. of progen Degree of known 
used 


Wheat variety Total _resistancet 


Peko* 19 227 217 444 

(88) (1058) (1014) (2072) 
Marquardts brauner Dickkopf .............. 19 326 150 476 
Tenmarq (C 16936) 20 405 304 709 
Mediterranean-Hope-Pawnee X Oro- 

Ill.l-Comanche (12804) ...............-.- 19 15 26 > 41 2 
Durum (P.1.94587) 21 15 4 19 1 
Dual (13083) 17 6 2 8 2 
Gelou-Oro X Cheyenne-Tenmarq 

KS 46799 16 0 4 4 2 
Ponca (12128) 20 3 0 3 3 
Pawnee X P.I.94587 (12855) .............- 20 y 1 3 1 
Marquillo-Oro X Triunfo (12858) .... 18 0 3 3 3 
Ill.no.IW 38 21 0 1 1 2 
*14 pot experiments. Figures not in brackets indicate the numbers in 3 pots (obtained by ging 


the numbers within brackets). 
tas given in Refai, Jones & Miller, 1955. 
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Tasce 5. Summary of Tests 4 and 5. Numbers of Parent Midges and Puparia 
Formed on Each Variety of Wheat, Together With the Percentage 


Plant Attack. 
No. of Percentage 

No. of 29 puparia plant 
Wheat variety used formed attack 
Peko 30 2332 72.9 
Marquardts brauner Dickkopf 30 2736 90.9 
Tenmarq (C 16936) ‘ 30 1607 85.5 
Mediterranean-Hope-Pawnee X Oro- 

Ill.I-Comanche (12804) 28 36 2.2 
Durum (P.1.94587) 30 37 4.1 
Dual (13083) 28 17 1.0 
Gelou-Oro X Cheyenne-Tenmarq KS 46799 ............. 28 24 1.8 
Ponca (12128) 30 1 0.4 
Pawnee X P.I.94587 (12855) 29 83 2.7 
Marquillo-Oro X Triunfo (12858) ..............---..----- 28 1 0.3 
Ill.no.IW 38 28 14 3.3 
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NOTICE OF ANNUAL MEETING 
The annual meeting of the Kansas Entomological Society (Central States 
Entomological Society) will be held in the Student Union at the University 
of Missouri, Columbia, Missouri, on Saturday, May 7, 1960. Requests for 
titles and papers will be sent out shortly after the first of the year. 


A NEW SPECIES OF MICROSTYLUM 
(Diptera: Asilidae) from Mexico 


Cuartes H. Martin 
Professor of Entomology, Oregon State College 


Three species of the genus Microstylum Macquart have been described 
from North America, two being from the southwestern United States and 
a third from Mexico. Microstylum galactodes Loew is listed by Back (1909) 
from Texas, Kansas and New Mexico. Microstylum morosum Loew is from 
Texas only; M. pollens, unintentionally described by Osten Sacken (1878) 
(Aldrich 1905), is a synonym. A third species, Microstylum fulvigaster, was 
described from an unknown locality in Mexico by Bigot (1878). This species 
has not been reported since it was described from a male. Recently Sefior 
Jorge Hernandez B., Curator of the Collection of the Instituto Technologica 
y de Estudios Superiores de Monterrey, Monterrey, Mexico, has sent to the 
writer for identification a fourth species of Microstylum from northeastern 
Mexico. The following key will separate the four species in North America: 


Key to North American Microstylum Macquart 

1. Wings more or less milky white; mystax black; length 30-34 mm. 
(Texas; Kansas; New Mexico) galactodes Loew 
Wings blackened or yellowish brown; mystax pale - 

2. Tibiae and antennae reddish yellow; reddish abdomen with black 

markings; length 20-27 mm. (Nuevo Leon, Mexico) ............--+---- 
mexicanus, new species 

Tibiae and antennae brown or black; abdomen without black 
markings; length 28-40 mm. 3 

3. Bristles of femora and tibiae reddish brown; halteres brownish 
yellow; length 35-40 mm. (Texas) .-.. morosum Loew 

Bristles of femora and tibiae whitish; halteres dark testaceous; 
length 28 mm. (Mexico) fulvigaster Bigot 


Microstylum mexicanus, new species 
This is the smallest of the Microstylum in North America, M. fulvigaster 
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apparently being slightly larger. M. mexicanus can be distinguished from the 
other three species by the black markings on the reddish abdomen. 

Mate. Length 24 mm. Head black with upper oral margin reddish; face, 
vertex, occiput reddish tan pollinose, the occiput lighter near the margins of 
the eyes; vestiture and antennal segments reddish yellow, two proximal 
antennal segments of the same length and together equal to the length of 
segment 3. 

Thorax: Disc black, laterally reddish yellow, brown pollinose; pleurae, 
scutellum and area below scutellum black, brown pollinose, metapleura 
red; vestiture mostly reddish. ; 

Abdomen: Segment | black, segments 2-7 reddish yellow with lateral 
margins narrowly black, segment 2 anteriorly with broad black band, 
segments 3-4 anteriorly with a very narrow black band; segments 3-7 
anteriorly and medially with longitudinal black marks; vestiture reddish. 

Wings: Dark brownish, anal area somewhat lighter. 

Legs: Anterior four femora red with black fasciae anteriorly and dor- 
sally, posterior femora red basally, distal two-thirds black; tibiae and tarsi 
red; vestiture red. 

Fema e: Length 23 mm. Similar to male. 

Holotype: Male, Monterrey, Nuevo Leon, Mexico, July 9, 1957 (collected 
by student). 

Allotype: Female, same data as holotype, May 1957. 

Paratypes: Monterrey, Nuevo Leon, Mexico, October 6, 1957, 1 male; 
March 21, 1927 (collected by student), 2 males; Apodaca, Nuevo Leon, 
Mexico, 1956 (A. Jimenez), 1 female; Cola de Caballo, Nuevo Leon, Mexico, 
May 1957 (collected by student), 1 male; No locality, July 8, 1952, Nuevo 
Leon, Mexico? (collected by student), 1 female. 

Holotype and allotype deposited in the United States Museum at the 
suggestion of Sefior Hernandez B. Paratypes are in the collection of the 
Instituto Technologica y de Estudios Superiores de Monterrey and of the 
writer. 

Remarks: The specimens at hand range from 20-27 mm. in length. 
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TREETOP MATING AGGREGATIONS OF 
POGONOMY RMEX' 


(Hymenoptera: Formicidae) 


D. MIcHENER 


There has been considerable recent interest in mating aggregations of 
ants at summits of mountains. Chapman (1957) has listed recent publica- 
tions on this subject and has described many examples, including records 
of Pogonomyrmex. He has raised the important question of whether the 
females remain in the forbidding vicinities of the summits after mating or 
fly to lower levels to establish nests. The departure of mated queens of 
Pogonomyrmex barbatus (Smith) in large numbers from such an aggrega- 
tion has been observed (Michener, 1948) and, as the earth was lower in 
every direction, they could only have gone down. It seems probable that 
mated queens of the species considered by Chapman did likewise. Aggrega- 
tions of P. barbatus were also noted in treetops (Michener, 1948). 

New observations here recorded concern P. californicus (Buckley) and 
were made at Pasadena, California, at the same locality where observations 
on this species led to an earlier publication (Michener, 1942). Probably due 
to increased use of nearby land for buildings, lawns and gardens, popula- 
tions of this ant have diminished; the species seems to survive only along 
a nearby railroad track. Prior to 1940 mating aggregations were never 
observed, probably because they occurred about the tops of higher trees, 
now gone, in yards not readily accessible to me. On June 21, 1958, how- 
ever, small clumps of Pogonomyrmex were seen falling to the ground under 
the highest point of one of the two remaining Eucalyptus trees in the area, 
perhaps 25 meters high. With binoculars it was possible to see one or two 
hundred ants flying about that point. Only by analogy with earlier observa- 
tions on P. barbatus (1948) could these activities be understood. 

Mating places of P. californicus appear to be similar to those of P. bar- 
batus. The circumstances suggest that the ants, reacting to a visual cue, 
congregate at the highest point in the neighborhood and mate there, the 
queens then leaving, the males continuing to run or fly about the site. 
Individuals from various nests presumably are attracted to the same mating 
aggregations, thus encouraging outbreeding. 
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‘Contribution number 1077 from the Department of Entomology, The University of 
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A NOTE ON THE IDENTITY OF ACIDOPROCTUS 
HOPKINSI MEXICANUS CARRIKER, 1954 


(Mallophaga: Philopteridae) 


M. A. CarrIKER, JR. 
Apt. Nat. 36, Santa Marta, Colombia, S. A. 


This subspecies of Mallophaga was described [Fla. Ent., 37(4):191, figs. 
8-9] from two males and one female taken on a tree duck, Dendrocygna a. 
autumnalis (L.), collected in San Luis Potosi, Mexico. The material was in 
poor condition, but I failed to note that they were not fully adults until in 
December, 1958, I received four males and two females of an Acidoproctus 
from J. S. Wiseman of Austin, Texas. The specimens furnished by Mr. 
Wiseman were taken on Dendrocygna a. autumnalis collected in Cameron 
County, Texas, and are undoubtedly adults of the immature specimens 
described by me as A. hopkinsi mexicanus from Mexico. The Texas Den- 
drocygna was described by Dr. H. Freidmann as D. a. fulgens which name 
has been placed under the synonymy of D. a. autumnalis (L.) by Conover. 

Unfortunately the Texas material was allowed to remain too long in 
the clearing solution and is not in the best condition for comparison, the 
two females being much distorted and useless except for the heads and the 
genital sternite of one specimen. This sclerite appears to have been com- 
pressed laterally. 

The types of A. h. mexicanus are deposited in the Museum of the Uni- 
versity of Louisiana at Baton Rouge. The male paratype in my possession 
is in very unsatisfactory condition. The description of A. h. mexicanus was 
based chiefly on the shape of the frontal emargination of the head which 
differs from hopkinsi in having the anterior ends bent inward and touching, 
thus closing the opening of the emargination. Apparently this closing of the 
emargination was due to immaturity since the six adults received from Mr. 
Ene all have the emargination open as shown in the accompanying 

gure. 

In mexicanus the frontal emargination is slightly deeper and has the 
opening more narrowed than in hopkins and much narrower than the 
posterior portion (Fig. 1). There are differences in the pre-antennary as well 
as in the post-ocular and occipital carinae. The curving inner ends of 
tergites IV-VI differ somewhat in shape, and the small, apical abdominal 
segment of the male of mexicanus is smaller. 

The male genitalia differ in several important details. The parameres 
of mexicanus (Fig. 2) are shorter and wider than those of hopkinsi, with 
their tips bent sharply inward at a right angle; there are two setae on their 
tips instead of one as in hopkinsi; the basal portion of each endomere is 
oval, not elongated as in hopkinsi, and the distal portion wide and truncate, 
with apparently a short, thick protruding penis. 

There are eleven thick spines on each side of the female genital sternite 
of mexicanus (Fig. 3) instead of nine as in hopkinsi (Fig. 4), and the 
structure of the lateral attachment is quite different, there being six short 
curving setae on each side instead of three as in hopkinsi. 


| 
ns of 
blica- 
cords 
r the 
ig or 
is of 
rega- 
‘rin 
that 
rega- 
and 
‘ions 
due 
yula- 
long 
ever 
res, 
ider 
rea, 
two 
rva- 
bar- 
ue, 
the 
site. 
ing 
Ent. 
of 


48 JourNAL oF Kansas ENToMOLoGICcAL SoclETY 


I find that there is considerable variation in the measurements of the @ 
four males studied. Due to their distortion in clearing, complete measure- % 
ments are not possible, but the following averages of the three best speci- © 
mens are necessary, since these measurements are considerably greater than | 
those given in the original description for the subspecies. Head: 3.65.72; @ 
frons: .42. Prothorax: 36.41; pterothorax: .47>.64. The measurements 
of the genitalia are very close to those given in the original description. 


2 


Fig. 1. Acidoproctus hopkinsi mexicanus Carriker, 1954, head of male. Fig. 2. A. h. 
mexicanus, male genitalia. Fig. 3. A. h. mexicanus, female genital plate. Fig. 4. 4. 
hopkinsi, female genital plate. 
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NOTICE TO CONTRIBUTORS 


For uniformity and for economy of space, authors are requested to give 
generic and specific descriptions in telegraphic style, i.e. with minimal use of 
articles and verbs. Synonymies, bibliographies, paragraphing and punctuation 
will be edited to conform with the style used generally in this issue unless the 
author, when submitting his manuscript, specifically asks that no such 
changes be made. 

Our low subscription rate makes it necessary that the cost of cuts for 
illustrations be borne by the author or his sponsoring agency. Also, because 
of limitations of page space, manuscripts ordinarily will be accepted only 
from members of the society or subscribers to the journal. 
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